APPENDIX A

ConBAR Examples
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Example 1: Extensive Damage

Member Observations:

The member under consideration is a beam located on a 25-year-old prestressed concrete
girder bridge in Wisconsin. The beam end zones are exhibiting signs of distress. This 2-span
bridge is located in a metropolitan area with an ADT of 18,500. The bridge carries a state
highway and spans over another state highway. It is not located near industrial sites with
harmful emissions, but does carry heavy trucks. There are no weight limits posted and the
bridge has not been classified as structurally deficient or functionally obsolete. Inspectors have
given a rating of five to the beams. No vehicle impact damage has occurred and no previous
repairs have been performed on the beam. The bridge does have leaky expansion joints, and

no support settlement is observed.

Cracking is observed in the beam end zones, generally around spalled and spalling areas with
crack lengths less than 12 inches. The cracks are not related to extraordinary loading and not
related to flexural or shear loading. It is unknown if the crack planes run through the
aggregates and no residue is observed around the cracks. The cracks have not been observed

to move noticeably with temperature changes.

No other surface defects such as honeycombing, blistering, abrasion, scaling, or popouts are
observed. Delaminations and spalling on about 15% of the affected member zone (beam

ends) are observed. The bridge deck has been overlaid with and asphaltic overlay.
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Although testing has not been performed, alkali silica reactivity (ASR) is not suspected. The
sulfate content is low. The depth of the carbonation front is unknown. The member is
exposed to deicing salts through leaky expansion joints. A testing laboratory has measured
chloride contents in the affected zone. The water-soluble chloride contents at the depth of
cover and half the depth of cover are 0.16% and 0.35% by weight of cement, respectively. The
permeability of the concrete is not measured and is therefore unknown. Corrosion stains are
observed on the concrete surface in the beam-ends, and moderate rust is observed on the
exposed steel. The steel is not epoxy coated. The actual compressive strength of concrete is
unknown since coring for tests have not been performed. The overall concrete quality is

judged to be average.

A printout of the ConBAR session is presented on the following pages.
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ConBAR
Concrete Bridge Assessment and
Rehabilitation Expert Program

Thiz program i designed to assist engineers in assessment, diaghosiz and repair of concrete
bridges.

For guestions or updates to thiz program please contact Professor Habib T abatabai, Department
af Civil Engineenng and Mechanicz, University of Wisconzsin-Miwaukee.

(414)229-516R

3200 M. Cramer Street, Milwaukee, Wl 53211

kL. edu

Copyright 2003
Hahib Tabatabai and A Turnguizt-Hazs
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hat part of the structure iz under investigation?

Substructure Superstructure
, ~
»

L+

hat are the number of zpans of the bridge?

the data entered comectiy?

e ————"——
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Iz the bridge located in:

|5 the data entered comectly?
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Thiz bridge iz located on:

Thiz bridge spans over:

|z the data entered comectly?
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hat iz the average daily traffic [ADT] prezent on the bridge?

D'oes thiz bridge carmy a large number of heavily loaded toucks?

|5 the data entered correctly?
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|5 this bridge posted for weight limits?

Iz the data entered correctiy?

According to the Mational Bridge Inventory, structurally deficient refers to inadequate
structural sufficientcy or watenway adequacy. The Condition R atings for the deck,
superstructure and substructure iz considered to be in "poor condidition”. The
Structural Evaluation is congidered "untolerable” and the watenway and W atenway
Adequacy iz conzidereded intolerable, requireing a high priorty for replacement.

According to the Mational Bridge Inventory, functionally obsolete is related to
inzufficient geometnc capahility of the bridge to cary traffic. including inadequate deck.
geomety, underclearance, or approach roadway alighnment. Bridges which qualify az
Structurally Deficient and Functionally Obzolete are excluded from the Functionally
Obsolete cateqary.
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hat iz the MBI inzpection rating far the bridge component under conzsideration [D-failure, 9-new]?

|z the data entered comectiy?

Hasz the member been damaged by a wehicle?

|2 the data entered comecty?
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fire there any drainage izsues that negatively affect the bridge component under conzideration?

[such az a leaky expanszion joint or plugged
drainage system)

tre there any indications or evidence of bridge support zettlement™?

[e.x. deck profile haz unuzual dips or risesz)

| the data entered correcty?

Fleaze indicate if a repair haz been made and the type of repair performed:

Mo repairs have been made -

|2 the data entered comrecty?

221



Haow would you charactenze the extent of cracking, if any, in the member under investigation?

|2 the data entered carrechy?

Iz the cracking obzerved structural/flexural cracks?

Iz the cracking obzerved structural/shear cracks?

Ao

Iz the data entered comecty?
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Fleaze chooze the bype of crack observed.

onz and photographs
courtesy of ACI 201.1 B-32

|3 the data entered comectly?
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hen was the cracking first observed?

ou can determine thiz by coring the concrete directly
owver the crack and investigating the crack and crack
surface, or by looking at a spalled piece.

Iz the data entered carrectiy?
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The arientation of cracks can best be described as:

|z the data entered cormecty?
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|2 the cracking related bo extraordinary loading?

e

|z the data entered corectly?

Iz concrete blistering evident? = Rlistering: the imegular raising of a thin layer, frequently 25
o 300 mm in diameter, at the suface of placed morkar or
concrete during or soon after completition of the finishing
operation; blistering iz usually attibuted to early clozing of
the surface and may be aggravated by cool temperatures,

Iz honepcombing evident? Honeycomnb: voids left in concrete
due to failure of the mortar to
effectively fill the spaces among
courze aggregate particles.

Dezcriptions and photographs
courtesy of ACI 201.1 B-92

|2 the data entered comectly’?
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|z delamination evident? Hhelsmination: a separation along a plane S : D' elamination can be determined Lsing
parallel to a suface generally near the upper | F 3 the following methods: chain drag,
surface; found frequently in bridge decks and i : around penetrating radar, and
other types of elevated reinforced concrete Kby 5 thermoagraphic techriques
zlabz and may be caused by corozion of i g
reinforcing steel; delaminations affects large
areas and can often be detected by hammer
zounding

Approximately what percentage of the area of the element under investigation is delaminated?

| the data entered comectiy’?
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hat type of averlay, if any, haz been applied to the bridge decky

|z the data entered comect|y?
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Iz concrete scaling evident? S caling: local flaking or peeling
away af the near-surface partion of
hardened concrete or mortar; alzo of
a laper from metal

hat iz the extent of the szaling?

Dezcriptionz and photographe courtesy of ACI 201.1 B-92

|2 the data entered comrecty?
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Are concrete popouts evident? HPopout: the breaking away of small
portions of & concrete surface due
to localized internal prezsure which
leaves a shallow, typically conical,
depreszion

hat iz the size of the popout’?

Dezcriptions and photographs courtesy of ACI 201,71 B-32

=

|2 the data entered comectiy?
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Iz concrete spaling evident? IS paliing: a fragement, wsually in
the shape of a flake, detached
from a larger mazs by a blow, by
the action of weather, by pressure,
or by expanzion within the large

hat iz the extent of the zpalling’?

Dezcriptions and photographs courtesy of ACI 207,71 B-92

| the data entered comectiy?
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fire the zpalled areas uniformily distributed over the entire element under investigation’?

Approximately what percentage of the element under investigation iz zpalled?

|5 the data entered caomectiy?
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[z 45R [Alkali-Siica Reactivity] occurning?

Three requirementz muzst be met for expanzive ASH o occur (1]
reactive formz of silica or zilicate in the aggregate; [2] sufficient
alkali [zodium and potazsium) primarily from the cement; [3)
zufficiently available moziture in the concrete. IF any one aof the
three requirementz are not met, expanzion due to 458 cannot
QCCL.

Ir itz gimplest form, 45F can be visualized az a bwo-step process:

[k.ali + Silica > Gel Beaction Product
Gel Reaction Product + Maisture --» E=pansion

Actual expanzion ocours in the second step when the A58 gel
reaction product swells az it abzorbe moizture. Potentially
expanzive gel reaction product doeg not form unless the first ztep

Dezcription courtesy of SHRP-C/FR-31-101

Iz the data entered comecty?

233



o

Peter Emmonz, 1393,

hat iz the zulfate content of the concrete’? Source: Concrete Repair and Maintenance llustrated,
1

Al zulfates are potentially harmful bo concrete. They react chemically with
cement paste's hpdrated ime and hpdrated calcium aluminate. &g a result
af thiz reaction, zolid products with volume greater than the productz
entenng the reaction are formed.  The formation of gepzum and ettinglite
expans, prezsunzes and disrupts the pazte. Az a result, suface scaling and
dizintergration zet in, followed by mass detenoration. Sulphate content
zamples are gathered and prepared in the same manner as samples fram
chloride determination. |n this caze the extraction iz camed out uzing
concentrated hpdrochlonc acid. The zolution iz nuetralized using dilute
ammanium hydroxide and then barium chloride iz added to produce a
precipiate of barium sulphate. The weight of barium sulphate produced
permits the sulphate content of the concrete sample to be caloulated.

|z the concrete surface subjected to sulfate-ich oilz or liquids?

|2 the data entered comectly?
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If meazured, what is the approximate depth of the carbonation front?

|2 the data entered comectly?

Carbonation of concrete iz the reaction among acidic gages from the air, moisture, and the alkaline
cement pazte. To determine the depth of carbonation, a fresh concrate surface must be exposed.
Thiz can be done by core zampling the zuspect suface and splitting the core with a hammer and
chizel. The position of carbonation front is measured by spamwing the concrete suface with an
acid-based indiactar which changes colors at a pH of about 10, indizating the interface between
carbonated and uncarbonated zones. The most commonly used indicator for this purpoze iz a
zolution of phenophtalein, which colors the concrete an intense red [pink] at pH values greater
than 10 and iz colorless at pH values less than 10, The pH-indicators are not susposed to give the
exact pH value of the concrete, but merely to measure the depth of the layer altered by
carbonation.

Source: Concrete Repair and Maintenance
llluztrated, Peter Emmons, 1933

Iz the bridge element under consideration exposed to deicing zalts ar subjected to zalt zpray?

Iz the data entered correcty?

235



If measured, is the chlorde content of concrete at the depth of cover:

Chloride testing iz done by taking a zample of concrete
fram the structrure, either by drawing pulverized
concrete, or by taking cores than pulverizing the
concrete in the laboraton, AL each level of sampling,
the pulverzed material iz collected an stored in a clean
container, the hole is vacuum cleaned, and the nest
zample iz drawn at the nest desired depth. Powered
zamples are analyzed uzing & wet chemical method.

Source; Concrete Repair and Maintenance [lugtrated.,
Peter Emmaons, 1993

e e e e I

|z the data entered comectiy?

It measured, is the chlonde content of concrete at 50% of the depth of cover:

Chlaride testing iz done by taking a sample of concrete
from the structrure, either by drawing pulverized
concrete, or by taking cores than pulverizing the
cohcrete in the laboratory, At each level of zampling,
the pulvenized material iz collected an stared in a clean
container, the hole iz vacuurn cleaned, and the nest
zample iz drawn at the next desired depth. Powered
zamples are analyzed using a wet chemical method.

Source: Concrete Repair and Maintenance [llustrated,
Peter Emmonz, 1993

e e e |

|5 the data entered cormrectly?
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[f measured, is the permeability of concrete:

Several tppes of apparatus have been developed for zite uge in meazuring
properties related bo permeability. The inital surface absorbbion test [1SAT] uses a
cap sealed to the surface of the concrete under tezt using modelling clay. *when
the test iz undertaken on a vertical surface, a means of keeping the cap firmly in
contact with the surface has to be provided. W ater iz infroduced into the cap to
give a pressure head of 200 mm using a filker tunnel. & second port in the cap
leads to a horizontal capillary tube. The rate at which water iz absorbed inta the
concrete surface iz determined by clozing the connection ta the reserviar and
measuring the movement of water zuface in the capillay tube during a fized time
penod.

Fapid Chloride Permeability T est:

The chlonde content ofconcrete can be determined determined by analyzing
pulverized concrete zamples at various depths using Rapid Chlonde Test [RCT)

1029. The RCT measures the acid soluble amount of chlorides as a percentage
of concrete mazs. A specified amount of chlonde powder 1z extracted and mixed
with a vial containing 10 mbL of extraction liquid. & potential reading iz taken with
the ACT chiaride electrode and then converted to chloride cantent in percent of
concrete weight uzing the provided calibration chart.

|z the data entered correctiy’y
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Are cormosiondust staing evident on the concrete surface?

Are any reinforcing steel barsdstirups/tendonz expozed?

|z the data entered comect|y?
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|2 the ztesl reinfarcement epowy coated?

hen was the epoxy coated bar uzed in thiz member?

|z the data entered comectly?
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hat was the compreszive strength of the core or cylinder, if available’y

|z the data entered comect|y?
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B azed on the information obtained on the member under conzideration, pleaze rate the basic quality of the

| the data entered comecty?
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Please click the button to run the analysis:
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Example 2: Structurally Deficient

Member Observations:

The member under consideration is a pier column located on a 45-year-old two span bridge in
Wisconsin. The bridge is located in an urban area with an ADT of over 10,000. The bridge
carries a city street and spans over a city street. It is not located near industrial sites. The
bridge does carry heavy trucks. There are weight limits posted and the bridge has been
classified as structurally deficient, but not functionally obsolete. It has been assigned a rating
of three. No vehicle impact damage has occurred. Some previous patch repairs have been
performed on the column. More than 8% of the member has been patched with a portland
cement patch. The condition of the patch is not very good, but the patches have not spalled
yet. It is unknown when the first patch material was placed, but the most recent patch work
was completed 8 years ago. The bridge does have leaky expansion joints, but no support

settlement is observed.

Extensive cracking and spalling is observed. The cracks are orientated randomly and are less
than 12 inches in length. The cracks are not related to extraordinary loading and not related to
flexural or shear loading. The cracks have not been observed to move noticeably with

temperature changes.

No other surface defects such as honeycombing, blistering, or abrasion is observed. New

delamination and spalling areas are noted
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No alkali silica reactivity (ASR) is suspected. The sulfate content is low and the member is not
subjected to sulfate contaminated soils. The depth of the carbonation front is unknown. The
member is exposed to deicing salts. Testing for chloride content has not been performed. The
permeability of the concrete is medium. Corrosion stains are observed on the concrete, and
no exposed steel is observed. The compressive strength of concrete is unknown. The overall

concrete quality can be given a marginal rating.

A printout of the result page of the ConBAR session for the example detailed above is shown

below.

Please click the button to run the analysis:
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Example 3: Light Damage

Member Observations:

The member under consideration is a pier column located on a 14-year-old three span bridge
in Wisconsin. The bridge is located in a rural area with an ADT of 2500. The bridge carries a
state highway and spans over a county road. It is notlocated near industrial sites. The bridge
does carry heavy trucks. There are no weight limits posted and the bridge has not been
classified as structurally deficient or functionally obsolete. It has been assigned a rating of
seven. No vehicle impact damage has occurred and no previous repairs have been performed
on the beam. The bridge does not have any drainage issues and no support settlement is

observed.

Light craze cracking are observed. The cracks are orientated randomly and are less than 12
inches in length. The cracks are not related to extraordinary loading and not related to flexural
or shear loading. It is unknown if the crack planes run through the aggregates and no residue
is observed around the cracks. The cracks have not been observed to move noticeably with

temperature changes.

No other surface defects such as honeycombing, blistering, abrasion, scaling, or popouts are

observed. No delaminations are observed. No spalling is observed.

No alkali silica reactivity (ASR) is suspected. The sulfate content is low and the member is not
subjected to sulfate contaminated soils. The depth of the carbonation front is unknown. The

member is exposed to deicing salts and the acid-soluble chloride content at the depth of cover
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is 0.04% by weight of cement. The acid-soluble chloride content at half of the cover depth is
0.01% by weight of cement. The permeability of the concrete is not measured and is
unknown. Corrosion stains are not observed on the concrete. No exposed steel or corrosion
products are observed. The steel is epoxy coated and the coating was applied prior to the
original construction. The compressive strength of concrete is unknown. The overall
concrete quality can be rated as good.

A printout of the result page of the ConBAR session for the example detailed above is shown
below.

Please click the button to run the analysis:

Dliagnosiz 1
Steel Corrosion - Due to Chiondes from Deicing Salts

Possible Correchive Actions 1
It iz suggezted that efforts be made to limit further chlonde contamination of concrete.

To protect the concrete against long-term intrugion of chlondes, apply an appropriate surface treatment [penetrating sealers or coatings). Refer ta t
he project report for & summary of previous tests on the effectiveness of warious treatments. Such surface treatments are most effective when they ar
e applied early before chloride contamination has progressed.
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